This paper presents the mathematical development to use the finite element method as a tool in the solution of partial differential equations. The results obtained are the product of the use of specialized software to solve problems that can be modeled with this type of equations. In the intermediate sections a mathematical analysis is made to obtain the terms that allow to approximate the numerical solution of the potential variable and magnetic field as well as the distribution of said variables in ferromagnetic materials and conductive media such as those used in the construction of transformers and magnetic circuits [1] .
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Introduction
The theory around the approximate techniques to solve differential equations are widely accepted in diverse areas of knowledge as is usually done in engineering, mathematics, bioengineering sciences among others. Computational techniques such as interpolation of linear bases are known as the finite element method, which allows us to find an approximation of an ordinary or partial differential equation in one, two or three dimensions. To solve the differential equations by means of the finite element method it is necessary to discretize the domain in uniformly spaced fragments depending on the space, that is, linear elements in one dimension, triangles or quadrilaterals in two dimensions or tetrahedral elements of 5 or 8 nodes depending on the desired precision, consequently to the partition of the domain fragments arises the need to find a set of linear equations that allow to build from the previously described bases, a global function that characterizes the solution of the differential equation and this implies a directly proportional relationship between the precision and the number of linear coefficients [2] .
On the other hand, the finite element method is proposed as a tool, which is described in the following sections as an alternative to numerically solve ordinary and partial differential equations that model physics and engineering phenomena. The advantage of this method over others is the ability to adapt the finite elements in the form of the domain of interest even though there are discontinuities.
Finite element method
The finite element method is a numerical method used to solve ordinary and partial differential equations. The ordinary and partial differential equations model phenomena found in different branches such as mathematics, physics and engineering. Some phenomena and models of differential equations are Maxwell's equations that describe the behavior of electromagnetic variables in their differential form. Other differential equations are: The Laplace equation, the Poisson equation, the Helmholtz equation, the heat diffusion equation, the potential equation and the Elastodynamic equation among others [3] . The advantage of the finite element method over other methods is the partition (fragmentation of the solution space) of the domain into continuous elements that form the original domain, this allows to form in non-conventional do-mains a mesh that has the form of the domain, that is, If you want to model the behavior of the potential in a material such as a truncated cone, the mesh generated by the elements (domain partitions) is adapted in said figure, and in general the mesh takes the form of the domain where you are interested to find the solution of a differential equation.
Once the domain Ω is divided into the elements, a function must be defined in a space V in each element, these function is used locally on each element to form a global function in the domain Ω. The domain partitions are made consecutively and the local interpolation function for each element must meet one of the following conditions [4] :
• f (x i ) it is decreasing from the element i to the element i + 1.
• f (x i ) it is increasing from the element i to the element i + 1
The finite elements are formed by three characteristics (i, V, L), the number of elements in which the domain Ω is divided, the function of linear interpolation around adjacent elements that belongs to the space V , L the number of nodes that are equal i + 1 elements. The domain is limited and is enclosed by boundary conditions. The domain divisions are a subset R d = {d = 1, 2, 3, . . .} of the domain where you are interested in solving the differential equation. The general solution is the summation of all the linear functions around each element in the following way:
where the coefficients represent the evaluated values in each node. The values satisfy the boundary conditions of the problem. Now, the union of all these continuous segmented functions between element (i + j) to element (i + 1, j + 1) of the fractionated domain form a continuous global function in the Ω domain and is the approximate solution of the differential equation according to the boundary conditions, like this:
Functions for each element
The set of functions that are used to approximate the solution, is a polynomial of degree one defined to pieces in the (x, y) plane. This approximation requires that the resulting polynomial be continuous at the borders of each of the elements that form the general domain Ω and that satisfy the derivatives of first or second order according to the partial differential equation. The fragmentation of the domain is done by means of triangles like the one in Figure  2 . Where each node represents a vertex of the elements (triangles) [5] . In this way the following equation is formulated: 
The above system of equations represents the linear interpolation function for a defined triangular element of the form: φ i E (x k , y k ). Now, for the n elements in which the original domain is fragmented. In terms of computation and numerical analysis not all terms are unknown, although for each element that does not belong to the node φ i E (x k , y k ) = 0, i = j and for each element that belongs to the node φ i E (x k , y k ) = 0, i = j and the terms that are consecutive will have the same values because the functions of interpolation are continuous at the borders between each other, that is, in each adjacent division, what we are equal are the terms a, b, c since these depend on the location in the domain and for that reason the areas change from element to element. Therefore, from the equations that result for each node of each element, the following linear system of equations is obtained
and whose solution is given by
From the above equation, the terms that relate the coordinates (x k , y k ) are known terms and depend on the location of the element in the domain. The terms φ i E (x k , y k ) depend on the boundary conditions and the initial values of the problem.
Numerical results
Drivers and transformers are key components in modern power systems. In comparison with other passive components, they are quite difficult to model for the following reasons:
• Magnetic components, especially transformers with multiple windings, can have complex geometric structures. The flux in the magnetic core can be divided into several paths with different magnetic properties. In addition to the central flow, each coil has its own leakage flow.
• The main materials, such as iron alloy and ferrite, have a highly nonlinear behavior. At high flux densities, the core material becomes saturated, which leads to a very low impedance of the inductor. In addition, the effects of hysteresis and eddy currents cause frequency-dependent losses.
• This problem does not have an analytical solution, that's why specialized software is required to solve partial deferential equations to check from the point of view of the electromagnetic theory the behavior of the electromagnetic variables in each of them. the materials and in the domain.
Consider that the problem described above is modeled with the following PDE:
where, Current density.
J = 5000
A m 2 in conductive materials such as copper.
Relative permeability of materials. µ r = 1800 cold rolled steel. µ r = 0.99 copper (conductive material).
Potential.
A v (x, y) to be analyzed, in each domain material. The problem consists in numerically calculating the potential A v in the domain of Figure 3 . A conductor laminated around a ferromagnetic material with rectangular cross sections respectively. Only in the conductive material (copper foil) will the current density circulate, therefore at the magnetic material-conductor boundary the condition is that this current density is equal to zero, only the variables A v and B m will have values different from zero in the two materials since they are variable circulate through the ferromagnetic material due to the induction of the circulation of the current density by the laminated conductor. 
Conclusion
The numerical solution presented in this document results from the analysis of the static magneto case, where there is no variation in the time of electrical variables but if there is the distribution and propagation of loads whose effects are reflected in both ferromagnetic and conductive materials. As the divisions of the domain where you are interested in solving a differential equation increase, the numerical approximations of the partial differential equations become smoother.
